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FUEL INJECTK^N VALVE FOR INTERNAL COMBUSTION ENGINES 
[0001] Prior Art 

[0002] The invention is based on a fuel injection valve for internal combustion engines as 
generically defined by the preamble to claim 1. A fuel injection valve this kind is described, 
for example, in the patent application DE 100 31 265 Al and has a valve body that contains a 
bore. At its end oriented toward the combustion chamber, the bore is delimited by a valve 
seat that has at least one injection opening leading from it, which feeds into the combustion 
chamber of the engine in the installed position of the fuel injection valve. The bore contains 
a piston-shaped valve needle in a longitudinally sliding fashion, which has a valve sealing 
surface at its combustion chamber end, i.e. the end oriented toward the valve seat, and this 
valve sealing surface of the valve needle cooperates with the valve seat. In the closed 
position of the valve needle, i.e. when the valve needle is resting with its valve sealing 
surface against the valve seat, the injection openings are closed, whereas when the valve 
needle is lifted away from the valve seat, fuel flows between the valve sealing surface and the 
valve seat, through the injection openings, and from there, is injected into the combustion 
chamber of the engine. 

[0003] The longitudinal movement of the valve needle in the bore is the result of the ratio 
between two forces: on the one hand, a hydraulic force that is generated by the pressure in 
the fuel-filled pressure chamber formed between the wall of the bore and the valve needle so 
that a hydraulic force is exerted on the valve needle. On the other hand, a suitable device that 
acts on the end of the valve needle oriented away from the combustion chamber exerts a 
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closing force on the valve needle. The hydraulic force on the valve needle depends on the 
effective area that is acted on by the fuel, which yields a force component in the longitudinal 
direction. The opening pressure of the fuel injection valve, i.e. the fuel pressure in the 
pressure chamber at which the hydraulic force on the valve needle is sufficient to move it in 
the longitudinal direction away from the valve seat counter to an opposing closing force 
therefore depends, among other things, on the contact line between the valve needle and the 
valve seat, i.e. the so-called hydraulically effective seat diameter, because this affects the 
partial area of the valve sealing surface that is subjected to the fuel pressure. Wear between 
the valve sealing surface and the valve seat over the life of the fuel injection valve causes a 
change in this area, thus altering the hydraulically effective seat diameter. This also changes 
the opening pressure, which results in a changed opening dynamic of the valve needle. This 
also changes the injection time and injection quantity of fuel, which can lead to problems in 
modern, high-speed internal combustion engines, particularly with regard to fuel 
consumption and emissions. 

[0004] Advantages of the Invention 

[0005] The fuel injection valve according to the invention, with the characterizing features 
of claim 1, has the advantage over the prior art that without changing the geometry of the 
valve needle, a constant opening pressure can be maintained over the entire service life of the 
fuel injection valve. To this end, the valve seat has two conical partial surfaces, the second 
conical partial surface downstream of the first conical partial surface. The second conical 
partial surface is raised in relation to the first conical partial surface so that in the closed 
position, the valve needle comes into contact with the second conical partial surface and the 
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edge at the transition between the first conical partial surface and the second conical partial 
surface defines the hydraulically effective seat diameter. 

[0006] Advantageous modifications of the subject of the invention are possible by means of 
the dependent claims. 

[0007] In a first advantageous embodiment of the subject of the invention, the second 
conical partial surface has the same cone angle as the first conical partial surface. As a result, 
the two conical partial surfaces can be produced with the same tool, which eliminates the 
need to readjust the milling or grinding tool during manufacture. 

[0008] In another advantageous embodiment, the second conical partial surface is raised in 
relation to the first conical partial surface, preferably by 2 mm to 20 mm. Providing a step of 
this kind assures a constant opening pressure without changing the stability ratios in the valve 
body in the region of the valve seat. 

[0009] In another advantageous embodiment, a third conical partial surface is embodied on 
the valve seat downstream of the second conical partial surface and is recessed in relation to 
the second conical partial surface. As a result, the valve seat surface against which the valve 
needle can rest is also delimited by a step on the downstream side. This results in precisely 
defined hydraulic ratios at the contact area between the valve needle and the valve seat. 

[0010] The embodiments of the valve seat according to the invention are particularly 
advantageous if the valve needle has a sealing edge that is embodied between two conical 
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sealing surfaces and rests against the second conical partial surface when the valve needle is 
in the closed position. This assures the constant opening pressure, even over very long 
periods of operation. 

[0011] Drawings 

[0012] Several exemplary embodiments of a fuel injection valve according to the invention 
are shown in the drawings. 

[0013] Fig. 1 shows a longitudinal section through a fuel injection valve, 

[0014] Fig. 2 shows an enlargement of the detail labeled II from Fig. 1, in the region of the 
valve seat, 

[0015] Fig. 3 shows an enlargement of the detail labeled DI from Fig. 2, and 

[0016] Fig. 4 shows the same detail as Fig. 2, but in this instance, the fuel injection valve is 
embodied as a so-called blind hole nozzle in the region of the valve seat. 

[0017] Description of the Exemplary Embodiments 

[0018] Fig. 1 shows a longitudinal section through a fuel injection valve according to the 
invention. A valve body 1 has a bore 3 in which a piston-shaped valve needle 5 is guided in 
a longitudinally sliding fashion. The valve needle 5 is guided here in a sealed fashion with a 
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guide section 15 oriented away from the combustion chamber in a guide section 23 of the 
bore 3. Starting from the guide section 15, the valve needle 5 tapers toward the combustion 
chamber, forming a pressure shoulder 13 and, at its combustion chamber end, transitions into 
an essentially conical valve sealing surface 7. Between the valve needle 5 and the wall of the 
bore 3, a pressure chamber 19 is formed, which widens out radially at the level of the 
pressure shoulder 13. This radial expansion of the pressure chamber 19 is fed by a supply 
bore 24 that extends in the valve body 1 and can supply highly pressurized fuel to the 
pressure chamber 19. At its end oriented toward the combustion chamber, the bore 3 is 
delimited by a valve seat 9 that has at least one injection opening 1 1 extending from it, which 
feeds into the combustion chamber of an engine in the installed position of the fuel injection 
valve. 

[0019] Fig. 2 shows an enlargement of the detail labeled II from Fig. 1. The valve sealing 
surface 7 of the valve needle 5 is divided into a first conical sealing surface 107 and a second 
conical sealing surface 207, with a sealing edge 17 formed at the transition between them due 
to the differing cone angles of the two conical sealing surfaces 107, 207. The valve seat 9 is 
essentially conically embodied and has three conical partial surfaces: the first conical partial 
surface 109 is adjoined by the second conical partial surface 209, which is in turn adjoined by 
the third conical partial surface 309. The second conical partial surface 209 is raised in 
relation to the first conical partial surface 109 and is positioned in relation to the valve needle 
5 so that in the closed position of the valve needle 5, when the needle is resting against the 
valve seat 9, the sealing edge 17 rests against the second conical partial surface 209. 
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[0020] Fig. 3 shows an enlargement of the detail labeled HI from Fig. 2, i.e. an even larger 
depiction of the crucial part of the valve seat 9. Between the first conical partial surface 109 
and the second conical partial surface 209, a first annular step 21 is formed, which delimits 
the hydraulically effective seat diameter. This plays a decisive role for the opening behavior 
of the fuel injection valve; the longitudinal movement of the valve needle 5 in the bore 3 is 
determined by the ratio of two forces: on the one hand, a closing force that a suitable device, 
not shown in the drawing, exerts on the end of the valve needle oriented away from the 
combustion chamber. On the other hand, the valve needle 5 is subjected to a hydraulic 
opening force that is oriented counter to the closing force and is exerted on the valve needle 5 
by the fuel pressure in the pressure chamber 19. The areas of the valve needle 5, which, 
when subjected to pressure, produce a resulting force component in the longitudinal 
direction, are primarily the pressure shoulder 13 and parts of the valve sealing surface 7. If 
the closing force is constant, then it defines the opening pressure, i.e. the fuel pressure in the 
fuel chamber 19 at which the valve needle 5 begins its opening stroke motion. 

[0021] With ideally fixed ratios, i.e. if neither the valve needle 5 nor the valve seat 9 were to 
be deformed, then the sealing surface 17 of the valve needle 5 would define the hydraulically 
effective seat diameter. The total area of the valve seat surface 7 upstream of the sealing 
edge 17, i.e. the first conical sealing surface 107 in this exemplary embodiment, would be 
acted on by the fuel pressure, thus determining the hydraulic opening pressure. But because 
the valve needle 5 hammers into the valve needle 9, over time, a flat contact develops 
between the valve sealing surface 7 and the valve seat 9, thus also changing the hydraulically 
effective seat diameter in a way that reduces the area subjected to pressure, which causes the 
opening pressure to increase. But the design of the raised second conical partial surface 209 
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on the valve seat 9 limits the increase of this hydraulic seat diameter to the first annular step 
21 so that the opening pressure remains unchanged even over extended operation of the fuel 
injection valve. The second annular step 22 embodied between the second conical partial 
surface 209 and the third conical partial surface 309 delimits the area against which the valve 
needle 5 rests at the end oriented toward the injection openings so that precisely defined 
hydraulic ratios prevail at the valve seat. Adhesive forces possibly occurring between the 
valve needle and valve seat thus remain constant. 

[0022] Fig. 4 shows the same detail as Fig. 2 of a different fuel injection valve, which has a 
slightly altered seat geometry. As in the exemplary embodiment shown in Fig. 2 and Fig. 3, 
the third conical partial surface 309 is recessed in relation to the second conical partial 
surface 209, thus forming a second annular step 22. The third conical partial surface 309 
transitions into a blind hole 30 from which the injection openings 1 1 lead. The valve needle 
5 has a slightly altered valve sealing surface 7; it does once again have a first conical sealing 
surface 107 and a second conical sealing surface 207, but an annular groove 27 is provided 
between these two conical sealing surfaces 107, 207. The sealing edge 17 that comes into 
contact with the second conical partial surface 209 in the closed position of the valve needle 
5 is formed at the transition between the annular groove 27 and the first conical sealing 
surface 107. The recessed third conical partial surface 309 achieves two things: on the one 
hand, it geometrically limits the effective seat area to the second conical partial surface 209, 
which makes it possible to precisely define and calculate the hydraulic ratios in the gap 
between the valve seat 9 and the valve sealing surface 7, particularly at the very beginning of 
the opening stroke motion. On the other hand, the recessed third conical partial surface 309 
reduces the throttling action for the fuel flowing into the blind hole 30 that would otherwise 
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be intensely throttled at the transition between the third conical partial surface 309 and the 
blind hole 30, which would reduce the injection pressure at the injection openings 11. 

[0023] The height d of the annular step 21, as shown in Fig. 3, is preferably from 2 mm to 
20 mm, which assures that on the one hand, the hydraulically effective seat diameter is 
precisely determined and on the other hand, the stability ratios in the region of the valve seat 
9 of the valve body 1 remain unchanged. The width a of the second conical partial surface, 
as shown in Fig. 2, is preferably 0.2 mm to 0.5 mm. 

[0024] There is considerable design latitude in the embodiment of the cone angles of the 
conical partial surfaces 109, 209, 309 of the valve seat 9. On the one hand, it is possible for 
all of the conical partial surfaces 109, 209, 309 to have an identical cone angle. However, it 
is also possible for them to have slightly different cone angles in order to optimize the influx 
properties of the fuel in the gap between the valve seat 9 and the valve sealing surface 7, 
particularly in order to optimally embody the inlet conditions of the fuel into the blind hole 
30, as is the case in a fuel injection valve of the type shown in Fig. 4. 
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